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Disclaimer
The contents of this report were based on the best available information at the time
of publication.  It is based in part on various assumptions and predictions.
Conditions may change over time and conclusions should be interpreted in the
light of the latest information available.
For further information contact
Mr Mark Pridham
Rural Towns Program Manager
Department of Agriculture
Locked Bag 4
Bentley Delivery Centre WA 6953
Telephone (08) 9368 3333
 Director General, Department of Agriculture, Western Australia 2002
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Summary
A groundwater study was carried out in the townsite of Trayning in February 2002.
The study consisted of a drilling program and expansion of a network of monitoring
bores.
Thirteen monitoring bores were installed at nine sites.  The regolith profile below
town consists of deeply weathered granite covered by colluvial sediments and
silcrete.  Depth to granite bedrock ranged from 10 to 35 metres, deepening to the
east.
Groundwater levels varied from 5 metres below ground surface in the south-east at
King Street to 8.8 metres below ground surface in the north-west at the caravan
park.  Groundwater was highly saline, 85 per cent of bores intersected water with
salinity greater than 2000 mS/m (approximately 40 per cent seawater).
Trayning currently has a low salinity risk.  Saline groundwater is not currently
causing damage to infrastructure in the town and is unlikely to cause damage
unless it rises to within 1.5 metres of ground surface.  Infrastructure damage in
Trayning has resulted from waterlogging.  Building foundations have become
saturated by accumulation of surface and shallow subsurface water on top of a
relatively impermeable clay layer that lies beneath much of town.
It is recommended that current drainage earthworks be improved and thought given
to building new structures to divert run-off from above town.  Consideration should
also be given to improving the storm water drainage system in town to reduce
damage from waterlogging.  Groundwater monitoring should continue at least four
times a year for five to ten years to determine if the watertable is rising.  The
monitoring bore network in place will act an early-warning tool to identify future
salinity risk in Trayning.
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1. Introduction and background
This report describes a groundwater study of Trayning townsite.  The study
presents a model of the hydrogeology below the town and defines management
options to help limit damage to infrastructure from surface water, shallow
subsurface water and deep groundwater.  The groundwater study was undertaken
by the Rural Towns Program and was part of a larger investigation that covered
nine towns in the wheatbelt of Western Australia during 2002.
Trayning joined the Rural Towns Program due to concerns over increasing salinity
within the town and its catchment.  A saline drainage line has caused deterioration
of the road and railway 1.5 kilometres west of town and caused salt damage to
farmland 1 kilometre south-east of town.  Soil and vegetation at the arboretum on
the eastern edge of town have shown signs of waterlogging.  A church hall adjacent
to the arboretum and the town hall in the centre of Trayning have water damage to
their floors and foundations.
The study consisted of a drilling program and establishment of a network of
monitoring bores.  This report documents background information for Trayning and
its catchment (Section 1), the hydrogeological investigation (Section 2), a
conclusion (Section 3) and recommendations for limiting damage to town
infrastructure, in the short-term from surface and shallow subsurface water and in
the long-term from saline groundwater (Section 4).  This report is also available at
<http://www.agric.wa.gov.au/environment/publications/RMtechreports/>
1.1 The town of Trayning
Trayning is situated 240 km north-east of Perth in the eastern wheatbelt (Figure 1-
1).  The population of the Shire of Trayning was 500 on 30 June 2000 (Australian
Bureau of Statistics, accessed from Department of Commerce and Trade website
2001).
Agriculture is the main industry in the district.  Wheat and sheep farming dominate,
with lupins, legumes, barley and canola grown in cropping rotations.  Agricultural
production in the Shire of Trayning was valued at $36.4 million in 1999,
representing 0.9 per cent of Western Australia’s total agricultural production by
value (Australian Bureau of Statistics, from Department of Commerce and Trade
website 2001).
1.2 Description of the catchment
Trayning is located in the eastern part of Ninghan catchment which has an area of
240 square kilometres and extends 22 km long (Figure 1-2).  Ninghan catchment
drains south-east towards a series of salt lakes.  Catchment elevation ranges from
390 m above Australian Height Datum (AHD) 2 km south-west of Yelbeni, to 280 m
AHD 2 km south-east of Worrolocking.  Much of the catchment has been cleared,
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and air photos show that about 10 per cent of native vegetation remains.  Trayning
is surrounded by agricultural land with the exception of the golf course directly
north-west of town.
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Figure 1-1. Regional setting of Trayning townsite
Figure 1-2.  Location of Trayning townsite in Ninghan catchment
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1.3 Geology
Trayning is located at the northern limit of the Kellerberrin batholith, a granite
intrusion 100 kilometres in diameter that forms part of the Archaean Yilgarn Craton.
East-west trending dolerite dykes of Proterozoic age have intruded the granite (Chin
1986).  Granite outcrops at the north-western corner of Trayning golf course and
adjacent to the Bencubbin-Kellerberrin road north of Trayning.  Dolerite dykes trend
east-south-east 1.2 and 2 km north of town.
In upper parts of Ninghan catchment, weathered granite is overlain by Tertiary
laterite and reworked sandplain.  On the lower slopes, including Trayning town,
Quaternary colluvium comprising silt, sand and gravel overlies weathered granite.
On the valley floor, Tertiary alluvium has accumulated in palaeodrainage systems
over which present day drainage has developed (Chin 1986).
1.4 Climate
Trayning experiences hot dry summers and cool wet winters.  Average annual
rainfall from 1950 to 2001 was 330 mm.  Higher than average annual rainfall fell in
1999 (534 mm) and the wettest year was 1963 when 574 mm fell (Figure 1-3;
Bureau of Meteorology 2002).  Annual evaporation is high, average annual
evaporation from 1950 to 2001 was 2,205 mm.
0
10 0
20 0
30 0
40 0
50 0
60 0
19
50
19
53
19
56
19
59
19
62
19
65
19
68
19
71
19
74
19
77
19
80
19
83
19
86
19
89
19
92
19
95
19
98
20
01
R
ai
n
fa
ll 
(m
m
Figure 1-3. Annual rainfall for Trayning, 1950 to 2001 (Bureau of Meteorology 2002)
Average monthly rainfall is highest between May and August when 57 per cent of
annual rain falls while highest evaporation occurrs between December and
February (Figure 1-4; Bureau of Meteorology 2002).
Average annual rainfall 330mm
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Figure 1-4.  Average monthly rainfall and evaporation for Trayning, 1950-2001
(Bureau of Meteorology 2002)
Average daily maximum temperature between 1950 and 2001 ranged from 16.5ºC
in July to 34.5ºC in January and the average daily minimum varied from 6ºC in
August to 18ºC in January and February.  The highest temperature recorded since
1950 was 46.5ºC in January 1980 while the lowest was -3ºC in June 1990 (Figure
1-5; Bureau of Meteorology 2002).
-10
0
1 0
2 0
3 0
4 0
5 0
Ja n Fe b M a r A p r M a y Ju n Ju l A u g S e p O ct No v De c
T
em
p
er
a
tu
re
 (
d
eg
 C
Highest Maximum Average Maximum Average Minimum Low est Minimu m
Figure 1-5.  Average monthly temperature range and highest and lowest recorded
temperatures for Trayning, 1950-2001 (Bureau of Meteorology 2002)
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1.5 Soils
Throughout most of Trayning townsite, soils consist of hardsetting sandy loam over
red clay of the Nembudding System.  Directly north-west of the townsite the soils
are quartz sands and sandy loams of the Kwelkan System (Grealish and Wagnon
1995).  The red clay underlying much of the townsite is considered to be ‘highly
reactive’
(S. Cleaver, pers. comm.).  The Australian Building Codes Board (1996) defines
highly reactive clay sites as those that experience high ground movement from
moisture changes.  High design and construction standards are required for
buildings at these sites.
1.6 Natural drainage
Trayning is located in the Zone of Ancient Drainage (Lantzke and Fulton 1993).
This zone is characterised by a gently undulating landscape dominated by broad
flat valleys.  The town occupies a lower-slope position where the topographic
gradient falls 1° to 2° to the south-east.
There are no prominent drainage lines within the townsite.  Directly south and west
of town, a salt-affected watercourse that is a tributary to the Beacon River drains to
the south-east.  The valley in which this tributary lies is 5 to 10 m lower than the
townsite.
A levee bank was built directly west of the town dam more than 20 years ago.  The
bank was constructed to help control surface water flow by diverting run-off from the
golf course north of town towards the dam.  When run-off from the land north of
Trayning enters the town, water accumulates on top of impermeable red clay that
underlies much of the town.  An engineering inspection in July 2002 indicated that
water damage to the town hall and church hall is from surface water run-off sitting
on the red clay (S. Cleaver, pers. comm.).
1.7 Town water supply and disposal
Trayning is supplied with scheme water piped from Mundaring Weir east of Perth.
Water restrictions have been in place since summer 2001/02.  Minimal reticulation
takes place over lawn and gardens at the information bay, memorial garden,
bowling club and primary school oval.  The recreation ground currently has no oval
and is not reticulated.  Trayning is not connected to sewerage, operating on septic
tanks and leach drains.  Disposal of leach drain water is primarily by evaporation,
very little water seeps into the watertable due to the impermeability of red clay
underlying much of town (S. Cleaver, pers. comm).
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2. Hydrogeology investigation
2.1 Previous investigations
Eight monitoring bores (00TY01 to 00TY08D) were installed during August 2000
(Figure 2-1).  Drilling was carried out by contractor LA Boyle Drilling and supervised
in part by the Department of Agriculture.  Bores were drilled using a rotary air blast
rig to depths varying from 9 to 25 metres.  Geological logs are available at the
Trayning Community Agricultural Centre.  Water level measurements since August
2000 are held in the Department of Agriculture’s AgBores database.  One bore was
located at the school for which no details on construction or water levels are
available.
2.2 Method
Thirteen monitoring bores were installed at nine sites (02TY02, 02TY05 and
02TY08 to 02TY14) during February 2002 (Figure 2-1).  Six bore sites consisted of a
piezometer constructed to bedrock paired with a shallow piezometer.  Bores to
bedrock ranged between 10 and 35 m depth while shallow bores varied between 8
and 10 m.  At site 02TY13S on Railway Street adjacent to the Shire Yard, a
‘Community Bore’ to 10 metres was installed which will be fitted with a float
mechanism to show depth to watertable.
2.2.1 Drill site selection
Drill sites were chosen based on land availability and access to form a network
across town and to complement bores drilled during 2000.  At three sites, bores
drilled in 2002 form a pair with those drilled in 2000.
2.2.2 Drilling methods
Bores were drilled by contractor Austral Drilling Services using a reverse circulation
drill rig with a 123 mm diameter ‘air-core’ drill bit.  At three sites an air hammer bit
was used to penetrate intervals of silcrete.  Drill samples were collected via a
cyclone.
2.2.3 Bore construction
Bores were constructed with 50 mm diameter class 12 PVC casing with PVC end
caps.  The intake section was machine slotted to 1 mm.  Casing was inserted
down drill rods, inside the inner tube, and cut at the surface so that approximately
60 cm protruded above ground level.  At one site (02TY12) scheme water was
injected to facilitate casing installation.
The bottom 2 m of each bore was screened.  The annulus around the intake
section was packed with ‘8-16’ gravel (about 1.2 to 2.4 mm diameter).  Bentonite
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pellets sealed the annulus above the screened interval.  The annulus was then
back-filled to ground surface.  Headworks were completed with a lockable steel
collar, set in cement and padlocked using Water and Rivers Commission lock 581.
Refer to Table 2-1 for construction details.
Bores to bedrock were developed after casing installation by air-lifting (injection of
compressed air) for 30 to 45 minutes, except for 02TY09D, which did not yield
sufficient water.  Yields were estimated by recording the time to fill a 20 litre bucket.
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Figure 2-1.  Location of bores in Trayning townsite
2.2.4 Drill sample analyses
Drill samples were taken and described over 1-metre intervals during drilling.
Representative samples have been retained in chip trays that reside at the Great
Southern Agricultural Research Institute, Katanning.  Hydrogeological logs have
been complied and are presented in the Appendix.
2.2.5 Groundwater monitoring and sample analyses
Depth to groundwater and electrical conductivity measurements were taken for all
bores including those drilled in 2000.  The Department of Agriculture commenced
monitoring on 19 March 2002 at six-weekly intervals for three months and then
reduced monitoring frequency to quarterly.  Results are stored on the Department’s
AgBores database.
2.2.6 Surveying
Locations (eastings and northings) and elevations of bores were surveyed during
March 2002 in the Australian Geodetic Datum of 1994 (GDA94) using a differential
global positioning system.  A second visit was made in August 2002 to confirm
data.  The system was accurate to approximately ±5 cm horizontally and ±10 cm
vertically.  Elevations presented in Table 2-1 are the average of all measurements
for each bore after outliers were removed.
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2.3 Results
2.3.1 Profile descriptions
Depth to bedrock ranged from 10 to 35 m and elevation of the bedrock surface
ranged from 286 to 254 m AHD.  Bedrock was shallowest at site 02TY09 in the
caravan park north-west of town, and deepest at site 02TY12 in the arboretum,
directly east of town.  Bedrock consists of granite that is rich in biotite.
The regolith profile beneath the townsite is comprised of deeply weathered granite
covered by colluvial sediments and silcrete.  The sediments include red-brown clay
and sandy clay and are up to 8 m thick.  Gravelly loams were intersected in three
bores in the western part of town in the top 2 m.  Sand is the dominant material in
the top 2 m of the swimming pool bores at the northern limit of town.  Sediments
are underlain by up to 10 m of hematite-altered silcrete.
A band of indurated or ‘hardened’ saprolite, 4 to 6 m thick was intersected beneath
the sediments and silcrete.  Indurated saprolite consists of quartz crystals in a fine-
grained matrix of indurated clay.  The matrix was often hematite or goethite altered.
This unit represents residual granite that has been deeply weathered to clay and
then indurated (hardened) by chemical precipitation of silica resulting from water
movement through the profile.
Below the indurated zone, drilling intersected a zone of white to yellow saprolite
clay.  This zone varies in thickness from 3 to 12 m and is composed of kaolin clay
with minor fine-grained quartz crystals.  Bands of indurated saprolite also occurred.
Saprolite clay directly overlies granite bedrock at all but one bore site.  At site
02TY10, in the south-western part of town, 1 metre of saprock or moderately
weathered granite was intersected above granite bedrock.  Saprock is composed
of yellow-brown clay with quartz and feldspar crystals up to 2 mm in diameter.
Detailed hydrogeological logs are presented in the Appendix.  Representative
profiles are illustrated in Figures 2-2 and 2-3.
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Figure 2-2.  Cross-section from north at the dam to south at King Street
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Figure 2-3.  Cross-section from north-west at the caravan park to south-east at King Street
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Table 2-1. Monitoring bore construction, yield and water monitoring data (19 June 2002)
Drill hole
name
Ground
elevation
above
AHD#$
Depth
drilled
Screen interval
AHD#$
Groundwater
level depth
bgl##
Groundwater
level elevation
above AHD#$
Electrical
Conductivity
Estimated
yield
(m) (m) (m) (m) (m) (mS/m) (L/sec)
00TY01 290.8 25 269.2 267.2 6.87 284.0 4,630 NE
00TY02D1 291.5 15 280.7 278.7 5.32 286.2 4,490 NE
02TY02D2 291.5 14 280.8 278.8 5.34 286.2 4,430 <0.1
00TY03 290.4 15 276.8 274.8 6.52 283.9 2,370 NE
00TY04 289.8 16 276.1 274.1 6.38 283.4 2,640 NE
00TY05S 287.6 9 281.3 279.3 5.07 282.5 3,790 NE
02TY05D 287.6 27.5 262.7 260.7 5.02 282.6 5,730 <0.1
00TY06 289.1 20 275.6 273.6 5.91 283.2 5,560 NE
00TY07 290.3 20 272.0 270.0 6.87 283.5 6,360 NE
00TY08D 291.8 19 274.8 272.8 7.82 284.0 6,530 NE
02TY08S 291.8 9 285.5 283.5 7.76 284.0 6,380 NE
02TY09D 295.0 10 287.6 285.6 8.75 286.2 5,460 <0.1
02TY10D 292.0 18 276.8 274.8 8.00 284.0 6,450 <0.1
02TY10S 292.1 8 286.3 284.3 Dry  >7.80 Dry Dry NE
02TY11D 291.9 22 272.0 270.0 7.23 284.7 1,950 <0.1
02TY11S 291.9 8 285.8 283.8 7.42 284.5 3,830 NE
02TY12D 288.9 34.5 256.5 254.5 5.82 283.1 4,800 0.2
02TY12S 288.9 8 283.3 281.3 5.90 283.0 3,170 NE
02TY13S 291.7 10 284.1 282.1 7.19 284.5 4,840 NE
02TY14D 293.6 18 278.5 276.5 6.62 286.9 940** 0.16
02TY14S 293.5 9 287.2 285.2 6.24 287.3 440** NE
#: GDA94 - Australian Geodetic Datum 1994; $: AHD - Australian Height Datum;  ##: bgl - below ground
lev el;
NE - not estimated; ** f resh water sitting on saline water, data requires conf irmation once bores hav e
been airlif ted.
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2.3.2 Groundwater data
2.3.2.1 Groundwater levels
The shallowest groundwater was 5 m below surface in the south-eastern part of
town, on the corner of Glass and King Streets.  Depth to watertable increased to the
north and west reaching 8.8 m directly north of the caravan park.  Below the
residential area, the watertable was between 5 and 8 m below ground surface.
Groundwater levels at site 02TY02D2 directly south-east of the recreation ground
were anomalously shallow at 5.3 m.  Table 2-1 lists depth to water measured on
19 June 2002 and Figure 2-1 shows how this varied across the townsite.
Daily rainfall and depth to watertable over time for three bores installed during
August 2000 are illustrated in Figure 2-4.  The graph shows that over the 22 month
period to June 2002, groundwater levels beneath Trayning have fallen from 7 to
50 cm/year.
Significant rainfall occurred in early 2000, prior to installation of the bores, including
109 mm on 23 January, and 63 mm on 1 March.  Rainfall over the ensuing 22
months however was below average.  From August to December 2000, 53 mm fell
compared to the long-term average for this period of 105 mm.  The annual rainfall
in 2001 was above average at 348 mm, however 100 mm fell during January and
February, a period of high evaporation when water is less likely to reach the
groundwater system.  The six months to June 2002 received just 50 mm of rain
compared to the long-term average of 174 mm.
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Figure 2-4.  Depth to watertab le for three bores installed at Trayning in 2000
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Watertable depth declined in all bores between March and June 2002 monitoring
visits.  The average fall was 12 cm, ranging from 3 cm at 02TY11S, directly north of
the dam to 28 cm at the Community Agricultural Centre bore 00TY01.  Rainfall
during this period was below average.  Just 40 mm of rain was recorded between
March and June 2002, compared to the long-term average of 140 mm.
2.3.2.2 Groundwater head elevations
Groundwater flow direction was to the south-east across town.  Lateral changes in
groundwater head elevation were a subdued reflection of the land surface.  The
lateral groundwater gradient was estimated to fall 1 m in 190 m or 0.005 m/m
across town.
At three sites where a bore to bedrock is paired with a shallow bore, the
groundwater elevation in the deep bore is 10 to 20 cm higher than that of the
shallow bore, indicating a weak upward groundwater gradient.  At site 02TY14 at
the swimming pool, the groundwater elevation in the bore to bedrock is 40 cm
lower than that of the shallow bore, indicating a downward groundwater gradient.
At site 02TY08, groundwater elevations are equal in the deep and shallow bores.
2.3.2.3 Groundwater yields
The air-lifted groundwater yield of bores was negligible at five of the seven sites for
which estimates were made, and was estimated to be less than 0.1 litres per
second (Table 2-1).  Low yields of 0.16 and 0.20 litres per second were achieved
within saprolite clay lying directly above granite bedrock in bores at the arboretum
and swimming pool.  A water-bearing layer was intercepted within saprock at bore
02TY10D and moderate yield was obtained from silcrete and indurated saprolite
layers at bore 02TY05D, however no yields were estimated.
2.3.2.4 Groundwater electrical conductivity
Electrical conductivity measurements were taken on 19 June 2002.  Groundwater in
17 bores was highly saline, measuring greater than 2,000 mS/m (approximately
40 per cent of seawater) including seven in the southern and western part of town
measuring above 5,400 mS/m (approaching seawater, Table 2-1).  Only bores
02TY14D and S behind the swimming pool in the north of town, intersect brackish
groundwater.  Field data indicates that fresh water is sitting on top of saline water at
this site.  Further airlifting, scheduled for December 2002, to fully develop bores is
required to confirm electrical conductivity measurements.
At four sites, bores to bedrock returned higher electrical conductivity measurements
than shallow bores.  Differences in electrical conductivity varied from 150 to
1,940 mS/m.  At site 02TY11, behind the dam in the north-east of town, the shallow
bore measured 1,880 mS/m higher than the bore to bedrock.
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2.4 Interpretation and discussion of results
2.4.1 Recharge
Sources of groundwater recharge likely to affect groundwater levels below Trayning
occur within the town itself, on upslope cleared areas north and north-west of town
and on downslope land south and south-east of town.
2.4.1.1 Trayning townsite
Within the townsite, water can enter the groundwater system by direct infiltration of
rainfall, infiltration of surface water run-off from the surrounding catchment and from
water imported for residents’ use.  Watering of gardens and the school oval and
leakage from water pipes, the town dam, septic tanks and leach drains are
potential sources of recharge.  The swimming pool leaks, losing two to three
volumes of water each year (S. Cleaver, pers. comm.).  At this site drilling indicated
that the pool has been excavated into clayey sand and silcrete.  The depth to
watertable is similar to the depth of the diving pool.  Bores at this site show a
downward head of 40 cm, indicating that recharge may be occurring at this site.
Run-off from hard surfaces such as roads, roofs and other hard surfaces may also
contribute to groundwater beneath the town.
Low rainfall has led to the imposition of water restrictions by the Water Corporation
over the last year.  Recharge within the town is currently less than it would be under
average rainfall conditions.  A lack of large expanses of grass and minimal
reticulation further reduces sources of recharge.  Red clay underlying much of
Trayning also results in reduced recharge to the groundwater system however
gravelly loam occurs at surface in the western part of town and may provide easier
access.  Longer term water bore monitoring is required to establish when and
where most recharge occurs and to determine long-term groundwater trends.
2.4.1.2 Upslope of Trayning townsite
On land upslope to the north and north-west of town, the potential for recharge is
likely to be higher due to sandy soils and granite outcrops.  Run-off from granite
outcrops, particularly those on agricultural land, will infiltrate the sandy soils and
contribute to groundwater flow towards Trayning.  During periods of high rainfall,
large amounts of water from run-off is reported to enter the town.  A levee bank in
the northern part of town helps control some of this run-off.  Dolerite dykes exist
upslope of town.  These have been reported to act as either groundwater conduits
or barriers (Lewis 1991, Clarke et al. 1998).
2.4.1.3 Downslope of Trayning townsite
Rising groundwater levels in the valley below town may affect Trayning by causing
encroachment under the town and inhibiting outflow of water from the town.
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Monitoring bores have not been located in this area, however salinity is affecting
land 1 km south-east of the town.  Land in this area is about 6 m lower than the
south-east corner of the town so groundwater is unlikely to flow from the valley
below town to the townsite.
2.4.2 Groundwater flow systems
The regolith profile below Trayning is unusual for the eastern wheatbelt.  With the
exception of one site, a zone of saprock is absent between saprolite clay and
granite bedrock.  Previous studies (George and Frantom 1990a, 1990b, 1990c)
defined this saprock zone (referred to as ‘saprolite grits’) as the main aquifer in the
central and eastern wheatbelt.  Saprolite clay, composed mostly of kaolin clay, lies
directly above granite basement at Trayning.  This material has been shown to
have low hydraulic conductivity, in the order of 0.08 m/day (George 1992, Clarke et
al. 2000) and act as an aquitard.  Lack of a well developed zone of saprock
accounts for low yields from bores drilled to bedrock in Trayning.  Low yields
indicate a limited ability to pump appreciable quantities of groundwater from
beneath Trayning.
A moderate yield was intercepted within a layer of indurated saprolite in bore
02TY05D.  Intervals of indurated or silicified saprolite within the pallid zone have
been reported in catchments and towns of the central, northern and eastern
wheatbelt (George and Frantom 1990b, Hopgood 2001, Speed 2001).  High yields
are not reported for this unit.
Lateral groundwater gradients across Trayning are very low and are a subdued
reflection of the townsite topography.  Groundwater flow direction is south-east
across town.  No dykes or fractures, structures that may enhance or impede
groundwater flow, were intercepted at bore sites.  Due to very low groundwater
gradients (around 0.005 m/m) and low hydraulic conductivity (around 0.08 m/day) of
saprolite clay which forms most of the regolith below town, the rate at which
groundwater moves across town is likely to be very slow.  The rate of groundwater
flow is estimated to be in the order of 15 cm/year resulting in groundwater taking
around 1,200 years to move across town.  Groundwater modelling of the Merredin
townsite (Matta 2000) gave similar results; groundwater took around 1,500 years to
flow across the town.
At four sites, the minimal (less than 20 cm) difference in groundwater elevations
between deep and shallow bores shows that there is vertical hydraulic connection
throughout the regolith.  Bores at three sites show a weak upward groundwater
gradient, indicating a build-up of groundwater pressure beneath town.  This build-
up is a result of recharge to the groundwater system from land surrounding the
Trayning townsite.
Water from surface run-off accumulates in the shallow subsurface on top of
impermeable red clay.  The shallow perched system is likely to be seasonal,
developing after periods of high rainfall.  Deeper seasonal perched groundwater
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may also develop after periods of high rainfall, on the silcrete layer that occurs
throughout the town, however no perched water was encountered during drilling.
2.4.3 Assessment of salinity risk
Trayning townsite currently has a low salinity risk.  Groundwater levels below
Trayning are greater than 5 m and so are not currently causing salinity problems
within the townsite.  In areas prone to salinity, the critical depth below ground to a
saline watertable is in the range of 1.5 to 1.8 m (Nulsen 1981).  Despite this, a
number of buildings and sites in Trayning have shown signs of water damage.  A
study of six WA wheatbelt towns (Department of Agriculture 2001) indicated that
where groundwater levels are deeper than 1.5 m, any damage to buildings is most
likely the result of poor surface water drainage and is not from interaction with the
groundwater table.
Engineering inspections of water-damaged buildings in Trayning indicated that
water sitting in the shallow subsurface above impermeable red clay, and building
construction techniques unsuited to this soil type, were the cause of the water
damage.  Waterlogging at the arboretum is also likely to be due to poor surface
water drainage.  The groundwater investigation has shown that the arboretum,
town hall and church hall are not currently affected by saline groundwater.
A tributary to the Beacon River that lies to the west and south of town has been
degraded by shallow saline groundwater.  As the tributary lies more than 5 m in
elevation below Trayning, the associated shallow saline watertable is unlikely, in
the short-term to encroach on the town.
Though the long-term trend in depth to watertable in Trayning is unknown, a short-
term trend can be determined.  Over the 22 months to 19 June 2002, the watertable
fell between 7 and 50 cm/year.  The fall was influenced by high rainfall in January
and March 2000, prior to bore installation, and low rainfall over the monitoring
period.  The decline of the watertable over the period of low rainfall indicates that
the watertable beneath the townsite responds to decreases in recharge.
Watertable trends over times of average rainfall are unknown for Trayning.
However, the watertable beneath Merredin townsite, 60 km to the south-east rose
0.18 m per year between 1986 and 1999 (Matta 2000).  It is imperative that regular
monitoring of the bore network over the next five to 10 years takes place to
determine if there is a risk of salinity and other problems associated with shallow
groundwater occurring in the future.  If groundwater levels are rising, the south-
eastern part of the town is the first area that would be at risk.  If groundwater levels
rise to within 1.5 m of the ground surface, intervention will be required due to the
high salinity of groundwater beneath Trayning.
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3. Conclusions
Trayning currently has a low salinity risk as the watertable is 5 to 8 m beneath town
and therefore is not causing damage to infrastructure.  The watertable fell by 7 to
50 cm/year from August 2001 to June 2002, a period with below-average rainfall.
Long-term watertable trends over times of average or high rainfall are unknown.
Groundwater damage to town infrastructure is unlikely to occur unless the
watertable rises to within 1.5 m of ground surface.  If this occurs, the south-eastern
part of town will be affected first.
Electrical conductivity measurements indicate that most of the groundwater is
highly saline with 85 per cent of bores measuring greater than 2,000 mS/m
(approximately 40 per cent seawater).  Several bores, which measured brackish,
require further air-lift development to confirm results.
Groundwater flow was to the south-east at a very low gradient reflecting the shallow
slope of the land surface.  Depth to granite bedrock varied from 10 to 35 m
deepening to the east across town.  Bore yields were very low indicating that
groundwater pumping is unlikely to be a future management option.  Highest yields
were found in the south-eastern corner of town within silcrete and indurated
saprolite.  Pallid clay overlying bedrock and the absence of a zone of saprock above
granite bedrock explain the low yields.
Recharge to the groundwater system from activities within Trayning townsite is
currently likely to be low due to water restrictions, low rainfall over the last two years
and red clay that underlies much of the town.  Recharge on the slopes above town
is likely to be higher due to surface water run-off from granite outcrops on
agricultural land and sandy soils.
Water damage to town buildings and waterlogging at the arboretum are due to poor
drainage of surface water from the slopes above town, and from hard surfaces
within the town.  Water entering town from run-off is trapped in the shallow
subsurface layer above the relatively impermeable red clay that lies beneath much
of Trayning.
Shallow saline groundwater at the creekline west and south of town is unlikely to
encroach on the townsite in the short-term.
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4. Recommendations
Two water-related risks are facing Trayning townsite.  The first is currently evident
and involves damage to infrastructure from poor drainage of surface and shallow
subsurface water.  The second is the long-term risk of damage to infrastructure if
highly saline groundwater, currently 5 to 8 m beneath town rises to within 1.5 m of
ground surface.
The following recommendations are targeted to manage the current problem of
surface and shallow subsurface water.  They will have the added benefit of
reducing recharge to the groundwater system thereby off-setting long-term risk to
the town from saline groundwater.
1. Intercept surface water run-off from agricultural land and the golf course
north of town before it enters the town.  Proper design and construction of
earthworks may assist in reducing the amount of water that runs off the land.
The levee bank above town may require rejuvenation.  It is important that the
transition between sandy soil north of town and red clay within town is
defined.  An interceptor bank should be located within the red clay and dug to
intercept clay and allow it to line the downslope side of the bank.  Further
information on earthwork design and construction is available in Keen
(1998) and from the Department of Agriculture’s ‘Drainwise’ web-site:
<http://www.agric.wa.gov.au/environment/land/drainwise/>
2. Improve the storm water drainage system within town so that water is not
trapped in the shallow subsurface layer and does not cause waterlogging.
Further engineering advice, such as that acquired in July 2001 by the Shire of
Trayning, is required.
3. Reduce recharge from within town to the groundwater system beneath by
checking for and mending leaks in water pipes, drains, culverts, the
swimming pool, and the dam.
4. Maintain the current low level of water-use, so that over-watering of gardens
is avoided, if water restrictions are lifted.
5. Consider planting perennials on bare land within town.  Care should be
taken to match plant species to rainfall, soil type and salt levels.  Due to the
highly saline groundwater below town, identify species that use surface and
shallow subsurface water rather than those that seek out deep groundwater
or choose species that are ‘very’ to ‘extremely’ salt-tolerant.  Information on
salt tolerance of plants is available from the Department’s ‘Environment’
web-site:
<http://www.agric.wa.gov.au/environment/land/salinity/measurement/Plant_s
alt_tolerance.htm>
6. Measure groundwater levels in the monitoring network at least four times a
year for five to ten years to determine if the watertable is rising.  After three
years of monitoring, data analysis using HARTT (Hydrograph Analysis:
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Rainfall and Time Trends) should be trialed.  HARTT differentiates between
the effect of atypical rainfall events and the underlying trend of groundwater
level over time (Ferdowsian et al. 2001).  Further information on this method
can be obtained from the Department of Agriculture Catchment Hydrology
Group.
7. If groundwater monitoring indicates that groundwater levels are rising below
town and that surrounding agricultural areas are causing part of the
problem, then recharge reduction measures (such as perennial crops or
pastures, and strategic tree-planting) should be considered on the
contributing areas.
8. Catchment-wide processes such as the clearing of vegetation have
degraded the saline creekline to the west and south of town.  Planting of
salt-tolerant vegetation to reduce erosion could be considered however this
will have a negligible effect on mitigating salinity risk within the Trayning
townsite.
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Appendix: Hydrogeological logs
The following pages contain hydrogeological drill logs for the eight bores drilled in
2002.  They indicate the depth of drilling to reach bedrock, the nature of the regolith
beneath Trayning, yields and bore construction details.
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